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DESCRIPTION 

Quad Fbt NonJeaded FadcBgB compriso^g a semicoiidttetor detvice 

The present invontion generally rdates to a quad flat nos-Ieaded leadfiame package 
structure fiw hoiisiiig a sonicoiuliictor device. More paiticulariy, the present invention 
5 relates to a quad flat iios4eaded hadfiame package stracture fl>r housiiig a discrete 
senuconductor device. 

One of m^or trends in semiconductor packaging industty is to use sui&ce mount 
technology (SMT) as a replacement for conventional plated tliiougfa- hole (PTE!) 

10 technology. SMT offers several distinct advantages including greater paoikagiag denaly, 
higgler lead counts with shorter intearconnection leqgtjis and eaaer automation over PTH 
tedmology. 3tnce SMT demands electronic devic» and components to be mountafaile on 
the suifioe of a printii^ Tidiing boards the maisrials and stnicture ctf 
components induding capatators^ resistofs and inductors have to be redesigned to m^ 

15 the requireiD^Qfsliatt;tfain,lig|it and smaOdeclxtmic devices era. 

Exan^Ies of saniconductor devices acconqilishi^g these objects indude "Quad flat non- 
leaded (QFN)" packages. Quad flat nonJeaded electronic devices have a rdathreljr new 
package structure inixiiidi ^ace consumiqg outer leads protruding latoally out ofa 
20 package are Blhninated.lQ5tead,extemddectrode pads to be electrically connected to a 
fflotboboard are pnmded on the backside of flie QFN package. 

A quad flat non-leaded package, especially a leadless leadfiame package (LLP) makes 
use of a metal leadfiame type substrate structure in the fbimation ofa chip scale package 
25 (CSP). In a typical leadless leadframe package, a coppra- ieadftame strip or panel is 

patterned by stanq)ing or etching to define a plurality of airays of chqi substrate features. 
Each chip substrate feature includes a die attach pad and a phiialiiy of contaets(bondfi) 
disposed about their associated die attach pad. 
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During assembty. ffice a« attached to the tesp ective die attach pads end conventional 
^ bonding is used to dectrically couple on each die to thdr associated bond pad 
contacts on the leadframe stiip . Afterihe we bonding, a plastic resin cap is moulded 
over the top suifece of the each air^ of we bonded dic«. The dice are then singulated 
and tested uang convailional sawing and testing tedmiipies. 

The resulting packaged dup can then be suifece mounted on a printed drouitboaid or 
othCT substrate uang convrariional techmques. 

It should be appreciated that during singulation, the onfy materials holding the die pada 
and the bond pad contacts in place ip the molding material Due to lade of adequate 
support or clampmgfofce during dngulating the encapsulant, the die pad or the leads 
tend to be dislocated during angulalion. 

15 U320020027273 Al ifiscloses a semiconductor package that includes a semiconductor 
chip; a plurality of leads surrounding the chip and formed xvhh a phirafity of comieccing 
mechanisms and strengthenuig structures; and an encapsulant for encapsulating the cMp 
and the leads. Theleada have the same bright as the semiconductorpackage, allowhig 
upper and lower suifeces of the leads to be exposed to the outside of the encapsulant, 
.Mch &rther enhance the dis^ation of heat generated by the chip in operation. The 
Strengthening sliuctiires of the leads significantiy enhance the bonding strength between 
the leads and the encapsulant for preventing ddamination or cmck from occurrence, so 
that qoafity and liability of the semiconductor padsage can be assured. 



20 
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Such leadlessleadftame packages however, has the following drawbacks. The invention 
makes use of lead frames having a irturalily of leads extending in^ 
the lead frames wherein the leads are formed with strengthening structures on ddes 
thereof and ccmnectmg mechanisms are on surfeces of toner sides of fte leads. Such lead 
fisxno structure is nirt s^A to commodity products such as mdividually padced discrete 
2-0 gsnncoseuctor &Msao, 
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It is fher^re an object of fhe presont ioveiition to provide an inqproved quad fl^y noor 
leaded leadfiame semiconductor package espedally usefijl for individuaUy padced 
cEscrete seniiconductor device. 

S Another object of tiie invention is to provide a quad flat non-leaded IradfiBme 

SCTiconductor package for improving the connection reliabilily at a packa^ng time. 
Yet anotiber object of the invention is to provide a quad flat non-leaded leadfiame 
semiconductor padrage intmded to &cilitate the process management 

10 In accordance with the fbigoing and other objectives, the quad flat nonJeaded 

semiconductor device proposed in the invention comprises a discrete semiconductor die, 
a die pad having a first lateral suifece for supporting the discrete semiconductor die^ and 
a pturahty of vertical surfices that are p^entjicular to the first lateral suzface, 
at iMst one bond pad having a first lateral surfece, and a plurality of v^cal sui&ces that 

15 are perpendicular to the first lat^al sui&ce, 

at least one bond wire for connecting die discrete semiconductor die to the bond pad 
and an ^apsulant fbr racapsulatmg the die, die pad, bond vviie and bond pad havii^ 
lateral and vertical outer sur&ces, 

wfaCT^ihediepadbeipg disposed at the peiimeter of the encapsulant and bi^ 
20 partially exposed to one vertical outer sui&ce of die encapsulant 

Jn one onbodimeDt of the invention a vertiral sur&ce of the die pad is piovided with 
inteilocldng means. 

25 In an prefered embocfiment of tihe invention a vertical surfiice of the die pad is provided 
with means fbr interlocking the die pad vertically and latemlfy. 

In another preferred 6mbodim0at of Ae invention a first and a second vertical sui&ce of 
at least one die pad, is provided with interiocking means. 

30 
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In stffl anoflier enibodimert of the invention a vertical suifece of abond pad is provided 
•ctfitii iaterioddng means. 

These and other features and advantages of the present invention will be apparent to 
5 those skilled in the art flom the fbttowing detailed description 

Fig.l diows two options for process Steps to be pettoBdftirmanu6c^^ 
packages coo^irishig discrete semiconductor devices. 

10 Rg.2 i8aplanidewofaleadfirameferQFNpackagesconvrisinBl944discretes. 

Fig. 3 is a plan view of die pad and bond pads according to an embodiment of the 
invention. 

15 Fig. 4 diows a cross section view iUustrating interlocking means of die pads and bond 
pads according to one embodiment of the ioveation. 

Eg. 5 is a perspective view oftheQFNpa<*age according to one embodiment of the 
invHDtion. 

20 

A quad flat nonJeaded semiconductor package 10, as illustrated in FIG. 5, inchjdes the 
fbnowiQg menibera: a semiconductor chqi U; a die pad 12 having a base body with a 
firet latwal fece 12a for attadringthe eWp 11, a second lateral fece 12b exposed to the 
outside of the encapsulant&rextenial electrical connections and vertical feces 12c.l2d; 

25 twobondpadsl3di^osedne3rttothediepadl2andelectiicalferconnBctedtothBchip 
11; and an raoi^sulant 19 fer racapsuhding the chip 11, the <fie pad 12, and the bond 
pads 13 . The bond pads 13 eaidi have a first lateral fece 13a, a second lateral fece 13b 
ejsposed to the outside of the encapsulant 19 for ejEtemal dectrical conneotions, and 
boingcoplansr to the second lateral fees ofihe die pad 12b. The second lateral feces of 

30 dis pGd nad boEd psid 12b, 13b msy mris as VO terminals for slsctromc traaamsaoa ed 
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as to dectrically connectjiig tlie s^iucoiiductor padcage 10 to a substrate sudi as an 
«ctenal printed drcuit board (not shown). 

The parage iiirdiermore comprises a phtraGty of bond wires 14, eadi bond vmo 
connected between a conductive contact on lbs disoBte senuconductor die and a first 
sui&ce of a bond pad. 

The package fijrther more comprises an enc^sulant mat^ 19, which fbnns a packa^ 
body. 
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The package has a poolyhedral shape with peripheral side feces and edges. One lateral 
peripheral fice comprises the second lat^ feces of die pads and bond pads. 

The package has a perimeter, and the discr«e semiconductor device is placed in the 
15 perimeter of the package. At least one vertical fece of the die pad is at least paitiaajr 
exposed to an external anfece of the padsage. 

Two methods of manufecturing a Quad Flat Non-leaded Leadfiame Padcags are shown 
InFig. 1. For making a Quad Flat Non-leaded Leadfiame Package use Is made of a metal 

20 leadfiame. Such metal fianwm^ also inchide a coveri^. A phjra% of die pads and 
bond pads is withm and connected to the fiame. Dice are attached to the respective die 
attach pads and conventional wire bontSng is used to electrically couple on each die to 
thrar associated bond pad contacts on the leadfiame stiqi. Aflsr an enc^sulaiion step 
compri^ m o u l d ing and de-coveriaymg , tiie die pads and leads m^ be {dated. 

25 Thereafter the die pads and bond pads are severed fiom the leadfiame and completed 
packages are sawn fiom the leadfiame. A phiiality of packages, e.g. several thousands, 
may be made simultaneous. 

The discrete somconduetor device as used for tiie present inv^tion is preferably an 
30 active or passive discrete electronic device such as a transistor, diode^ LED, resistor. 
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capacitor and inductor incorporated in a chip (die). 

A ae pad is used for supporting the discrete sennoonductor device chip (die) thereon 
and fisposed in aperinwter region of the encapsulant 

Sudi <fie pad has a base body shaped as polyhedion. The basic body shape is usuafly 
derived fiom a cuboid and will be described in the following as such. Yet it should be 
understood that the cuboid shape can have deviations of the cuboid shape^ e.g. 

recesses gcoovre axKi other delations. 

The die pad has a firrt Bubstaatiany planar lateral surface IZa u^^^ 
placed during padsage asseiobly. 

Oppoate the first soifece is a sobstantiaBy planar second lateral suito iZb th^ 
peripheral with regard to the surfece of the package. The second lateral sutfece of the 
die pad 12 is located within substantially the same plane as the lower sui&se of the resin 
eoeapsulant 19, and exposed without being covered witfi the rean encapsuhmt 

Fto&ennore the die pad comprises a plurality of vertical feces, beh^g perpendicular to 
the lateral ^ces. A first laterd surfece 12d is a peripheral with regard to the sui&ce of 
the pa£toge. According to shtgulating technique used to singulate individual packages 
first lateral fece 12d may be wholly or paitiaUy exposed to the outer smfece of the 
padEage. Example given, the first vertical side feces an outside surftce of the encapsulant 
as a whole or ithas alid oulpoimingto an outer surfece of ilie encapsulant. 

In an prefened embodimait of the invention at least one hiner lateral fece is provide with 
interlocking means, especially means for laterally and vertically Intetlocldng means for 
safely anchoring die pad m the encapsulant. Preferably taterlodriivg means are provide to 

the resar face of the first latsal fece. 
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SasSa. interiocJdqg means majr comprise protni^ons provided with sur&cra Aat have a 
re-entrant an^e in one directioii. Such protni^ns that have a le-sitrant angle in one 
direction may conqnise a circular lid bong cantilever to all vertical fices of the die pad. 

5 la a prefened anbo^ment sudi interlocldng means may comprise protniaons piovided 
ixnthsur&ces tint have a re-entiwit angle in at least two duectionB. 

Such pxotiusions haviiig a re-entrant angle m at least two directions may comprise opm- 
ended or closed trqiezoid^ dovetaUs^ T-shaped protrasions, anchor-shaped protrasiona, 
10 hom-ahaped protnisicms or a lid outpointing to an inner sui&ce of the encapsulant 
Frotraaona need not to be qnanmetrically - as in baih-slwped protniBions. 

Sodi ittteriocldiiig protrudons may have a stepped profile. 

15 Protrusions on two sides, may woik together to lateral^ and verticaUy hderiock the die 
pad into the encapsulant 

Kg. 4 and 5 illustiates a die pad with interlocldng means fbimed as a dove tail 

20 As viewed from above, the inner rear suraceofthe die pad is arranged like a canti^^ 
lip with a dovetail protxusioii. 

More spedficafly, the protnjsion of the die pad protmdes inward, and the first lateral 
surfece of the die pad is greater in area tiian the second suifice thereof In HG. 4, the 
25 hatcaied area imficates the device area, the cross-hatdiedr^ons indicate the batf^ 
poitions of the die pads (and bond pads). 

Beside of protnisions. grooves could also be contemplated as mteiloddng means. Such 

groove suin>unds the vertical faces and may be droular, rectangular or ai^y othe^ 
30 complex shape. 
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Also as shovm in Fig. 4 and 5 for example al least longitudinal grooves 16 lunning filler 
or partly the length of the body perimeter edges nught be usefid. 

Also, each of the bond pads 13 mqr be provided ^ interiocHng means to cushion the 
5 forces cauang ddaminatinL 

Bond pads a«B i»sed fbr dectrically connecting the discrete semiconductor device cSiip 
(die) to out^de dediodes. 

10 Su(Abondpad8haveabasebodysbaped88pol3fhedion.Tl»BbaacbodyshapeiBii^ 
derived fitjm a cuboid and win be descnlMsd in the Mo-wing as sudL Yet ft sl^^ 
understood that the cuboid shape can have e.g. recesses, grooves and other delations of 
the r^ular cuboid diape. 

15 The bond pads have a first substandaDy planar lataal surfece 13a i^on whidi bond 
wesl4 are placed during package assembly. 

Oppoate the first suifiice b a substantially planar second lateral surfece 13b that is a 
peripheral with regard to the suifeoe of the padsage. The second lateral sur&ce of the 
20 die pad 12 is located wiihia substantially the same plane as the lower surfece of the resan 
encapsulaot 19, and exposed without being covered with the resin racapsulant 

Furth«more the bond pads comprises e pluraUiy of vertical feces, being perpendicular to 
the lateral fkces. A first la*ard surfece 13d is a peripheral with r^gani to the surf^ 
25 thepadfflge.AccordtagtoHnguktingtechnl(iueusedtoang^ilateindh^ 

first laseral fece 13d may be wholly or partially essposed to the outer surfece of the 
package. Example given, the first vertical side feces an outside surfece of the encapsulant 
as a t*ol© or it has a Ud outpointing to an outer surfece of the encapsulant. 
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In apreferred embodiment of the invention at least one inn^ lat^^ &ce of each bond 
pad is provided with inteiloddng means, espedally means for lateiaBy aiui veitic»% 
inteilocking m^ns for ssSAy anchoring bond pad in the encapsulant Preferably 
interlocking means are provided to the rear fixseoftfaefim lateral &ce. 

Such int^loddng means may comprise protrusions prodded Tvitb sur&ces that have a 
re-entrant angle in one (firection, Sudb protxudons tiiat have a re-entrant angle in one 
direction m^ comprise a circular lid being cantilev^ to all vertical fices of the bond 
pad. 

In a preferred embodiment such interlocking means may comprise protrusions provided 
vvith sur&ces that have a re-entrant angle in at least two directions. 

{Such protrusions havii^ a re-entrant angle in at least two directions may comprise open- 
ended or closed trapezoids, dovetails, T-shaqpedprotrusionSji anchor-shaped protrusion^ 
hom-shaped protrusions or a lid ou^oinling to an ixmer surface of the encapsulant 
Protrusions need not to be symmetiicalfy as in batb-shaped protrusions. 

Swh interlocking protrusions may have a stepped profile. 

Protrusions on two aides, may work together to laterally and vertically mterlock the 
bond pads ioto the encapsulant. 

Fig. 4 and S illustrates bond pads with interlocking means on two vertical feces formed 
asa V-oD^e. 

As viewed &om above, the iimer rear sun&ces of the bond pads is arranged like a 
cantilever lip with a V-shaped protrusion. 



30 
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Mbre spedficaUy, the protniaon of the bond pads protrude inward, and the first lateral 
siii£ioe of eadi bond pad is greater in area than the second surfece thereol In HQ. 4, 
the hatched area indicates the device area, the cross-hatched regions indicate the half- 
ebi^ed portions of the bond pads. 

5 

Beside of promisians, grooves could also be contemplated as mteiiocldng means. Such 
groove surroundB the vertical feces and maybe circular, rectangular or any other 
comfdac shape. 

10 Also as shown in Fig. 4 and 5 for example at least longitudinal grooves 16 runniiig fiiHy 
or partly the lengtii of the body paimeter edges might be usefiil. 

The number, location and shapes shown in Figure 3 for protnisions Ontwlocldng means) 
15 of lead&ame 20 ax9 exemplary only. The number, location, and diape of the 
15 proHusions will vary according to the applicatlDn. An advantage of the present mvention 
is that Ae iaterlocldng means can be designed to accommodate the number and location 
of the die pads and bonding pad(s) of a particular discrete semiconductor die. 

When the semiconductor diip is molded with a resin encapsulant after ha^ong been 
20 bonded and fixed onto the protniding portion 6 ofthB die pad 1 with an adhesive, the 
lesm encapsulant is received at the undercuts of uiterioddng means 15. Accordingly, 
undercut suifeoes of intedoddng means mteract with the corresponding subfiwes of the 
encapsulant fijr fixing the members meohamcally to the rdative subauiftce of the 
package. Thereby the interioddng means prevent the die pads and bond pads firom bang 
25 puBed vertically or laterally fiom the padcageboibr, thus preventing the rdia^ 

resin-molded semiconductor device fixtm decreasing. 

Discrete semiconductor chip dice 11 of a plurality of lands of sizes can be padcaged on 
ihs <fie pad, s»d the contact area of the semieenduoto? dice 11 and the fie pad can be 
50 eakrrssd «.g. bj- s iron^ to imprr.T.'s Shs csnjartbeiafea^&a sffimcoaductordiaS and 
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the die pad th^eby to prevent the die pad and tbe semiconductor chip 1 1 from being 
separated 

The semiconductor die 1 1 may be bonded onto the central poition of the die pad via a 
5 gjudiig process. 

Thereafter the dice 11 are electrical^ connected to associated bond pads 13 whfafine 
metal bond mres 14. 

10 BondtQg wires are typical^ fbnnedfitmi gold Vnien are used m 

combination with a copper substrate, it is advantageous to sflvw (or ofherwise) plate to 
contact landizigs to improve the adhedonoflhebonduig wires to the landings. 

After all of the dice have been wire bonded or otherwise electrically connected to the 
15 appropriate contact landings, one or more plastic caps 21 are fbnned over the substrate 
panel 20 as illustrated in FIG. 1 . In the described embodiment, a separate plastic cap is 
foiroed over aU devices of device areas 23. That is, four sqiarate caps as outlined in 
dashed lines in PIG, 2a , However, it should be appreciated that a single cap or a 
different number of caps can readily be provided. 

20 

In this case, ance the bottoms of the die pad and bond pads are not cov»ed with the 
resin encapsulant IS^ a '*sin^e-sidemolded structure" is obtained. 



The die pad 12^, bond pads 13, SCTiconductor chip 11 and metal fine wires 14 are 
25 encapsulated whhin the re^ encapsulant 19. However, the respective lower parts of the 
bond pads and die pads around the outer periphery of the package protrude downward 
and sideward out of the lower sur&ce of the resm racapsulant 19. These lower parts of 
thepadsfimctionase?aen!aldectrodes(or6xtOTialternu^^ to be electricalty 
connected to a motfaerboardL 
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Her^Mfker, the attainable by the fimctions of a QFN package according to tbe 
invention will be described. 

■nie package of the present invealion has numerous advantages, and is useful in 
5 numerous appfications for discrete dertronic devices, including power devices. The 
package may be made smaU in size. For example, the packages may be near chip aze. In 
addition, the packages may be very tinn. Padcages having tluckness as low as about 0.5 
mm or less can be fibricated according the present invention. In addition, the bond pads 
can be placed dose to the die. iifinhnizing the lenglh of bond 
10 decirical performance. Tlie exposed second suifeceofthe die pad and bond pads CM 

conneetBd by metal solder to the printed circuit board for padcage cooHng. 

No outer leads awst beside the bond pads and dfiepads. Instead, ihelowerpart of eadi 
of these signal Irads 1 fonctions aa the acteraal electiode . Accordm^, sue* a structure 
15 contributestodovrasizingofapowerQmpadfflgeiwillioiitlH^ 

semiconductor chip mounted. Moieover, smce no resmburr exists on Ifte re^ectiv© 
lower suifeces of the external electrodes , the electrodes of the motheiboard can be 
bonded to these external electrodes with more rdiabifity. 

20 Furthermore, since the vertical feces of the pads may have interioddng means for 
laterally and vertically mterlocWng the pads to the encapsulant, pads can cushion the 
defonmng force during machining of the encapsulant. Accordingly, it is possftle to 
jKeveot the die pad 2 and the bond pads from beu« deformed or displaced because of 
^e machimqg forces. 



25 



It is a&rther advantage of the invention that tools deagned for quad flat non-leaded 
padagmg of imegraed dreuits can be used without m^or aheniations being necessary. 
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Hei^nafter, a method for manufectuiing the QFN padsage compri^ a discreie 
s^ooa^kctordsf-lss ^cordingto ^in^-^on^^^aibe dascr&ed withrsfercacstolhs 
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accompanying drawings. FIGS. 1, 2and 4 illustrate respective process steps for 
manu&ctuiing the QFN package according to fhe first einbodament. 

FIG. 2 A and 2B show a ^diexnatic plan view of a QEN matiK leadfiame 20 used for 
5 QFN fiibrication; and FIG. 2C shows a schematic sectiODal view of an unsingulatedbatdi 
of package units constructed on the QFN matrix leadfiwne 20. 

Referring imtially to FIG. 2 aleadlessleadfi:ame20 sintableforweiiiaccorchncewitfa 
one embodiment of the present invention will be d^oibed. As se» theran. a conductive 

10 panel 21 is provided that has a plurality of segments 22 eac* having a plurality of de^dce 
areas 23 for the individual paclrage regions in a plurality of ro wp and a plurality of 
cohmms formed thereon. In the embodiment shown, the conductive panel takes the form 
of a leadfirame strip having a one dimensional array of device segments . However, in 
alternative embodiments, conductive panels having a wide variety of different shapes and 

15 device area layouts may be provided. 

As shown in FIG, 4 the QFN matrix leadframe 20 is predefined with a matrix of package 
ates 23 used for the &brication of a batch of QFN package units thereon. These package 
sites 23 are ddSndtedfiromeadi other by grid-like connecdng means 24 wUc^ 
20 fomied along the bord^fines of the padcage sites 23, and each inch^de a die pad 12 and a 
plurality of bond pads 13 which are all connected to the grid-like connect bar 24 so that 
these can be held togethv before being six^gulated. 

So a great numb^ of nuniber of QFNs comprising discrete semiconductor devices caa 
25 be mami&ctured finom one lead frame. 

It has been fisund helpfid to adhere an adhesive tape to the bottom surface of the 
leadfiame strip or panel lOl during Ihe assembly. The adhesive coveilay tape helps 
support the die pads and bond pads during the die attach and wire bonding operations 
30 and also prevents flash (^.e. unwanted plastic) fiiom forming on the underside ctf the 
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leadfiame strip or panel 20 during the molding process. 

The die pads and bond pads compriMqg interlocking means 15 as well as saw pits (saw 
trou^?) and saw notches ZS in the leadfranie may be formed by aoy suitable process. 
This is sometimes reared to as a half-etch or partial etch procej^s since the etch is 
intmded to form trou^s in the substrate rather than etch completely through the 
substrate panel 20 . Ai?^de variety to conventional etching techniques can be used to 
&cilitate the aching. 

As is well Imown, chemical etching (also known as chemical milling) is a process that 
uses photolithography, photoresist, and metal- dissolving liquid chCTicals to etch a 
pattern mto a metal strip. Typically^ a layer of photoresist is applied to one or both 
planar surfaces of the strip* Next, the resist layer is exposed to through a mask 
having a deared pattern. The photoresist is then developed and cured, fbrnung a 
pattern^ photoresist mask. Next, chemicals are sprayed on or otheiivise £^plied to one 
or both planar sui&ces of the masked strip. The e?cposed pordons of the strip are etched 
away, leaving the desired pattern in the metal strip. 

A two step etching process is used to form leadfiame 20 of Figures 2 and 4. The first 
etching step etches fiom one or both planar surfaces of the strip according to a resist 
pattern applied onto one or both of the planar sur&ces of the stiq>. This first etching step 
etches completely tihrougb portions of the metal strip to form the ov^^ pattern of the 
leadfiame, as exemplified in Figure 2. Next, a second resist pattern is Armed on portions 
of one ^de of the leadfiramye. The interioddng means of the die pad, bond pads and saw 
trou^is are not covered by the second resist pattern, and thus are susceptible to fiuther 
etdung. The second etching st^ etches partially throu^ leadfi^e finom one side 
according to the second resist pattern. This second etch step forms the recessed sur&ces 
of leadfiame 20 , e,g., interlocking means of die pad and bond pads, shown as cross- 
hatched. Saw trou^s t^caliy ^so are subjected to tMs second etch st^. When the 
cnomicsk hsr^ etched a st^stsd distance throudi the ilsclsisss of eslectsd partiGns, 
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second etch step is stopped. In other words, the second etchmg step etches partially 
through the thickness of selected portions of the die pad and bond pads. The amount of 
the etdifflygby tins second etfiOung step is governed by the need to have a sufficient 
amount of encapsulant material flow beneath tiie interlocking means of die pad and bond 
5 pads to secure die pad and bond pads to the package body. Topically, the second etchiie 
step removes about 50% of the tlnckness of die die pad and bond pads, but the amount 
removed may range from about 33% to 75% of the thickness of the die pads and bond 
pads. Due to imp^ections in the etch proce^, re-entrant axii^e may not be orthogonal, 
but rather only substantial^ orthogonal, and ihe etched sidewalls of die pad and bond 
10 pad may not be planar, but rath^ tossy have radiused comerB. 

After the leadfiame panel 20 has been patterned, it may optionally be plated with a 
material thai fedlitates better wire bonding . The leadframe 20 may be plated with metal 
layers of nickel (SiX palladium (Pd) and gold (Au) either at this point in time or after the 

1 9 moulding proems ^p. 

After any desired platiz^ of the die pads has been done, diso'ete semiconductor dice 1 1 
are mounted on the die pads 12 vwns conventional die attaidtoient tedmiques. 

20 In the process st^ 2 shown in FIG. 1, the senoconductor chip 4 is mounted on the 
central portion of the die pad in the leadfiame 20 prepared and bonded by means of 
^dng vinth silver paste containing an epoxy redn as a binder. This process step is so- 
called "diebonding^ 

25 Then, in the process step 3 shown in FIG. 1, the electrode pads (not shown) of the 
(fiscrete s^conductor chip 1 1 are electrically connected to the bond pads 13 with tiie 
m^ fine wires or an equivalent conductorl4. Tins process step is so-called '"whe 
bon<£ng''. The metal fine wires 14 may be made of an ^propriately selected material 
such as aluminium (AQ or gold (Au). 
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After all of the dice bave been vme bonded or otherwise electrically connected to the 
appropriate contact landii^^, one or more plastic caps 22 are formed over the substrate 
panel 20 as illustrated in FIG. 2B. In the described raibodiment, a separate plastic cap is 
formed over all devices of each device areas 23 . That is, four separate caps as outlined 
5 in dashed lines in PIG. 2A . However, it should be appreciated that a ani^e cap or a 
diSbrrat number of caps can readily be provided. 

In this case^ since the bottoms of the die pad and bond pads are not covered tvith the 
resin encap^dant 19, a *'sii^e-tidCTiolded structure" i$ obtained. 

10 

The caps 22 may be formed using any conventional molding process inclu^g transfer 
molding and injection molding. Li the deseed embodhnen^ a molded array type 
transfer molding process is used. 

IS Ream is applied over the top side of the lead frame in the re^on 22, so as to embed the 
semiconductor dhips, pads and wes. Mgration of resin to the underside of the lead 
frame 20 is prev^ited. The resin migrates into the recesses 25 and is solidified durix^ a 
curing process. Because of the configuration of the recesses 25, withdrawal of the 
solidified resin is prohibited. As a result^ the soli£fied resin vnibm the recesses 25 

20 effectively becomes anchored to each of the devices. 

After the caps 22 have been fonned, the back sur&ce of the substrate 20 is d&- 
coverlayed to expose the backside of bond pads and die pads as illustrated in FIG. 1 
Step S plates the exposed suffices of the leadframc^ induding the exposed second 
23 surfaces of the die pad and leads^ -with ametal, such as copper, gold^ lead-tin solder, tin, 
nickel, paOa^um, or any solderable metal. Deprading on the application and the material 
used for makmg the leadframe^ 3tep 5 may be omitted. 

Step 6 severs a complied p^kage Sum the encapsulated leadfrmne. In particular, step 6 
30 oblil<s^»ic^ 'SbB di^oz^la postions of tSis leodfisza^^ and / or se^fgns tha dispo^^l^ 
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portions of the leadfiame 24, such as the rectangular ftame, from the non-disposable 
components of the leadftame;, such as the die pad and leads. Depending on the method of 
encapsulation used in stq» 4, step 6 also may cut the encapsulaat material to form 
penpheral ades of the package. 

. 5 

PrdEerably a saw is used to cm lengthwise aloing the sscwtfaioughs (saw pits) 
Orthogonal cuts asemaife to angulate indi\ddual senusonductor devices 
During the BliiguMon piocessi. a cutdng blade of a fixed width W 
QFN matrix leadftame 20 and the encapsuhtion bodty 19 along the crosswise sin^ation 
10 lines and lengthwise singulation lines , for the purpose of singuloting the combined batch 
of QFN package units constnicted together on the Q¥N matrix leadftame 20 into 
individual ones. As further shown in FIG. 1, the cutting by the sawing blade is carried 
out aU the way into the QFN matrix. 

15 By pefforming this cutting process stqi, the end faces of the die pads and bond pads cut 
off BIB substantially flush with the side feces of the resin raicapsulant 19 . That is to say, 
tins structure does not mclude wy outer leads, which are ordinarily provided as external 
tenninals. Instead, solder ball electrodes may be are provided fbr this stmcture as 
sltemaSive external teraiinals under the external electrodes, wWdi are respectivB exposed 

20 lowH- parts ofthe bond pads and <fie pads not covered whh thereon encapsulaat 19. As 
the case may be, a soldo^ plating layer is sometimes formed in place of the solder balls. 
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1. A quad flat non-leaded setniconductor package device oompriamg 
a discrete semiconductor die 

a die pad having a first lateral sur&ce for suppordng the semiconductor die^ and a 
plurality of vertical sur&ces that are perpendicular to the first lateral sux&ce, 
5 at least one bond pad having a first lateral sur&ce^ and a plurality of v^tical surfaces that 
are perpendicular to the first lateral sur&ce 

at least one bond wire for connecting die discrete semiconductor die to the bond pad 
and an encapsulant for encapsulating the die, die pad, bond wire and bond pad having 
lateral and vertical outer surfaces, 
10 wh^rin the die pad b^g disposed at the perimeter of the encapsulant and b^ng 
partially exposed to one vertical outer suifiice of fte enc^sulant. 

2. A quad flat non-leaded semiconductor package device according to claim U 
>Kdier^ a vertical sur&ce of the c£e pad is provided with interlocking means. 

15 

3. A quad flat non^-leaded sCTUconductor padcage device according to claim 1, 
wherein a verti^ sux&ce of -die £e pad is provided with means fer mterlocking the die 
pad vi^cally and laterally. 

20 4. A quad flat non-leaded semiconductor package device according to daim 1, 
wher«i a first and a second vertical surface of at least one pad, is provided with 
interlocking means. 
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5. A quad flat non4eaded semicanducior package device acqoriiiig to dam 1, 
wheran a vertical suifew of an bond pad is provided T!»«h intrf 
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Quad Flat Non-leaded Package compxisizjg a semiconductor de^ce 

A semiconductor package is proposed. The semiconductor package includes a discrete 
semiconductor chip on a die pwi; a plurality of bond pads situated next to the chip and 
formed -witiii a plurality of connecting mechanisms and an mcapsulant for mcapsulating 
the chip and the pads. In an preferred embodiment the die pad and/or the bond pads 
comprise means for vertically and laterally interlocking the pads to the encapsulant. The 
interlocking means of the bond pads and the die pad significantly ^ihance the bonding 
strength between the pads and the mcapsulant for preventing delamination or crack firom 
occuimce^ so that quality and liability of the quad flat non^Ieaded semiconductor 
package compridng a dis««te can be assured. 



Fig, 5 
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